Purpose In this study, the effects of maternal smoking along with other clinical risk factors in developing severe retinopathy of prematurity (ROP) were evaluated. Design A case-control study. Methods Records of newborn infants with an estimated postmenstrual age of 32 weeks or less (n ¼ 86) were reviewed. ROP grading was evaluated in accordance with the International Classification of Retinopathy of Prematurity. Severe ROP was diagnosed when it progressed to stage 3 with plus disease. The factors were first evaluated using a univariate logistic regression analysis between the groups of severe and non-severe ROP, followed by a multivariate logistic regression analysis using STATA version 10 and R version 2.71. Results A low birth weight, a long duration of artificial ventilation and oxygen supplementation, presence of chronic lung disease, and absence of maternal smoking were found to be significantly associated with severe ROP in the univariate logistic regression analysis. In the multivariate logistic regression analysis, maternal smoking was revealed as a significant factor independently associated with the incidence of severe ROP. Conclusions An inhibitory effect of maternal smoking against developing severe ROP is suggested. The mechanism by which smoking may reduce the incidence of severe ROP needs to be further investigated.
Introduction
Retinopathy of prematurity (ROP) is a serious disorder in premature infants. Although most cases resolve spontaneously, some cases progress to fibrovascular proliferation and tractional retinal detachment, which result in a poor visual prognosis. 1 Preventing severe ROP is the most important issue in the ophthalmic care of preterm infants. Recent reports have documented the risk factors for severe ROP, which include low postmenstrual age, low birth weight, excessive oxygen supplementation, and male gender. [2] [3] [4] [5] However, the influence of maternal cigarette smoking on severe ROP has not been fully understood to date.
Maternal smoking during pregnancy has been causally associated with adverse pregnancy outcomes, including placental abruption, placenta previa, preterm delivery, intrauterine growth retardation, and fetal death. [6] [7] [8] It is also associated with postnatal infections in preterm neonates. 9 Therefore, we hypothesized that maternal smoking might be a risk factor for ROP. In addition, as the prevalence of maternal smoking is estimated at about 18-20% in Japanese society, investigating the effect of smoking on the development of ROP is an important issue. 10 In this study, we performed a statistical evaluation on clinical risk factors including maternal smoking for the incidence of severe ROP in the Japanese population.
Materials and methods
The records of newborn infants with an estimated postmenstrual age of 32 weeks or less between January 2005 and June 2007 at the mother and baby centre of Kobe University were retrospectively reviewed in this study. The first ophthalmic examination was performed at either 3-4 weeks of age or at 31 weeks of gestation, which was earlier, and followed up until a postmenstrual age of 40 weeks. The classification of ROP was determined according to the International Classification of Retinopathy of Prematurity. 11 The diagnosis of severe ROP was made on the basis of (1) the presence of stage 3 plus disease in Zone 1 or 2, extending to 5 or more contiguous or 8 cumulative clock hours; or (2) severe stage 2 ROP with plus disease. The history of cigarette smoking was self-reported by each mother, and recorded in the maternal and infant medical records at the first visit to the mother and baby centre of Kobe University. 10 Women who did not smoke at any time during pregnancy were included in the group of non-smokers. Women who continued to smoke during pregnancy with any frequency were included in the group of smokers. Women who discontinued smoking during pregnancy or women who had an uncertain status of smoking were not included in this study.
For statistical analysis, each clinical factor was first evaluated with univariate logistic regression analysis between the severe and non-severe ROP groups. Subsequently, a multivariate logistic regression analysis by the stepwise method was performed to evaluate the independent risk factors of severe ROP. The examined factors included gender, postmenstrual age, birth weight, singleton or multiple birth, duration of artificial ventilation including continuous positive air pressure (CPAP), total duration of oxygen supplementation, and the presence or absence of chronic lung disease (CLD) and apnoea attacks, which are known or speculated to be risk factors for severe ROP. We also evaluated maternal smoking as an additional risk factor in this study. We used STATA version 10 (StataCorp, Lakeway Drive College Station, Texas, USA) and R version 2.71 (R Foundation for Statistical Computing, Vienna, Austria) for all statistical analyses. P-values of 0.05 or less were considered to be statistically significant.
Results
A total of 86 infants (male: 46 infants, female: 40 infants) were included in this study. The mean postmenstrual age of the subjects was 28.9 (SD 2.5) weeks, and the mean birth weight was 1108.8 (SD 346.3) grams. Severe ROP developed in 27 cases (31.4%).
The ratio of maternal smokers was about 18.6% (16 cases) of total subjects, which was very similar to that of a previous report. 10 They reported smoking an average of 13.0 (range: 2-30) cigarettes per day. Birth weight, duration of artificial ventilation including CPAP, total duration of oxygen supplementation, the presence of CLD, and maternal smoking were determined to be significantly different between the severe and non-severe ROP groups by univariate logistic regression analysis (Table 1 ). In the multivariate logistic regression analysis, postmenstrual age, duration of artificial ventilation including CPAP, total duration of oxygen supplementation, presence of apnoea attack, and maternal smoking were determined as significant factors associated with the incidence of severe ROP ( Table 2) . As duration of artificial ventilation, total duration of oxygen supplementation, and maternal smoking were significantly different between the severe ROP and nonsevere ROP groups in both univariate and multivariate analyses, we determined these factors as statistically significant factors that were associated with the incidence of severe ROP.
The mean postmenstrual age and birth weight were 28.8±2.6 weeks and 1088.8±361.9 g in the nonsmoking group, and 29.5±2.4 weeks and 1196.6±293.5 g Effects of maternal smoking on the development of ROP H Hirabayashi et al in the smoking group (P ¼ 0.35 and 0.27, respectively, using t-test).
Discussion
We have presented the risk factors for severe ROP in newborn infants with a postmenstrual age of 32 weeks or less. After the univariate and multivariate logistic regression analyses, maternal smoking was found to be an independent significant factor that contributes to the incidence of severe ROP. Surprisingly, it showed a potent inhibitory effect against developing severe ROP. Lower postmenstrual age, lower birth weight, male gender, singleton birth, a larger volume of blood transfusion, and a longer duration of artificial ventilation were previously demonstrated to be associated with severe ROP. [2] [3] [4] [5] In fact, low birth weight, the presence of CLD, a long duration of artificial ventilation, and a long duration of oxygen use were demonstrated to be associated with the incidence of severe ROP in our study on the basis of univariate logistic regression analysis. However, only duration of artificial ventilation and duration of oxygen use were determined to be significant risk factors on the basis of the multivariate logistic regression analysis. The relatively small number of subjects in this study might have prevented the other variables from showing statistical significance. Interestingly, a long duration of artificial ventilation acted as a protective factor in the multivariate analysis, but it might not be clinically meaningful, as the odds ratio (0.88) was modest. As maternal smoking showed significant association with the lower incidence of severe ROP, with notable odds ratios in both the univariate and multivariate logistic regression analyses, we considered the results to be robust statistically.
Despite the insufficient assessment of the influence of maternal smoking on ROP, it is known to affect placental functions and interfere with foetal development, which is associated with small birth weight. Two reports described that maternal smoking was associated with lower birth weight 12, 13 and one of them showed a high rate of maternal smoking in the group of school-goingaged children with regressed ROP. 12 The reason why this study did not show any difference in the mean postmenstrual age or birth weight between the smoking and non-smoking groups is unknown. We speculate that there might be different foetal or perinatal survival ratios between the smoking group and non-smoking group and only survival cases that may have a more defensive nature to smoking stress were included in this study. Recent studies reported that smoking disturbs the development of the foetal nervous system, and is associated with risks such as cognitive and auditory processing deficits.
6-8 Hence, we speculate that the interference with the development of the nervous system might also affect foetal neuroretinal development, and limit the demand for oxygen. This would attenuate the stress of hypoxia, and reduce the production of angiogenic factors participating in the development of severe ROP. A recent report showed that the increased expression of vascular endothelial growth factor was associated with advanced ROP.
14 Another study reported that nicotine treatment histopathologically induces marked changes in the organization of the developing retina in newborn rats. 15 This enhancement of the antihypoxia defence system because of excessive intrauterine hypoxia is speculated to be another possible mechanism that reduces the incidence of severe ROP. Recent reports demonstrated an increase in haemeoxygenase 1 and 2 expressions in the placenta of smoking mothers, and increased levels of ceruloplasmin in the plasma of newborns and mothers exposed to tobacco smoking. 16, 17 These molecules are known as antioxidants that might reduce oxidative stress in the ischemic retina of premature infants, which might inhibit the excessive expression of angiogenic factors.
Despite the finding that maternal smoking was associated with a lower rate of severe ROP, the other effects of smoking on the consequent development of visual function remain unknown. Moreover, maternal smoking is not a recommendable behaviour because of a number of smoking-related systemic adverse events on Effects of maternal smoking on the development of ROP H Hirabayashi et al mothers and infants. However, the present results may provide meaningful insights into some aspects of complicated ROP pathogenesis. Further studies are needed to elucidate the manner in which cigarette smoking or nicotine modifies the development of the fetal retina and reduces the risk of severe ROP, which may suggest a novel therapy for ROP in the future.
